of basolateral restriction of ␤-catenin and actin, the absence of aPKCs, and the mislocalization of ZO-1 indicate mutants, the few myocardial precursors that are present cluster together and do not form an epithelium as they that Hand2 is essential for myocardial epithelia formation. Taken together, these results suggest that myocardial do in wild-type embryos ( Figure 1D, blue) . aPKC staining is absent from the myocardial cells in hand2 mutants precursors in hand2 mutants lack apico-basal polarity. The absence of myocardial epithelia formation in (Figure 1D, green) . Additionally, ␤-catenin localizes to the 2BЈ ). This result is consistent First, expression analyses indicate that the expression with our findings that junctional proteins do not exhibit of aPKC is not reduced in hand2 mutants (data not asymmetric localization in the myocardial precursors shown). Second, overexpression of aPKC in hand2 muof hand2 mutants and further demonstrates that the tants cannot rescue adherens junction formation (data myocardial precursors lack apico-basal polarity. not shown). Third, the absence of aPKCs in the myocarThe presence of Fibronectin deposition around some dial precursors of hand2 mutants is not due to an overall myocardial precursors in hand2 mutants indicates that lack of adherens junction formation in the embryo bethe myocardial precursors have the ability to assemble cause aPKCs localization in the hindbrain ventricular Fibronectin. However, it is the assembly of Fibronectin surface is unaffected (Figures 1D and 1F ). Taken toto a single surface of the myocardial precursors that gether, these data suggest that the polarity defects in appears to be disrupted in hand2 mutants. This phenohand2 mutants are specific to the myocardial precurtype is clearly distinct from that seen in nat mutants, sors. On a cellular level, our results indicate that Hand2 which completely lack Fibronectin. In the complete abis essential for the progression of the myocardial precursence of Fibronectin, adherens junctions formation is sors to a polarized state.
defective; however, ␤-catenin localization appears relatively unaffected along the basolateral membrane [1], Defective Fibronectin Deposition suggesting that loss of cell-substratum adhesion does in hand2 Mutants not lead to the complete loss of epithelial polarity. In We have previously reported that Fibronectin is deposcontrast, the myocardial precursors in hand2 mutants ited on the basal surface of the myocardial epithelia [1] .
lack junctional proteins and a basal substratum and Cell-substratum interactions have been implicated in therefore appear to be completely devoid of epithelial establishing the polarity axis in epithelial cells [22, 23] .
identity. These results indicate that the role of Hand2 In the developing myocardial epithelia, analyses of mufor myocardial epithelia formation is independent of the requirement for Fibronectin in epithelial maintenance. tants for the natter (nat) gene, which encodes Fibronec- 
Myocardial Epithelia Formation in Embryos zinc-finger-encoding region was used to knockdown Gata5 function (see Experimental Procedures). Greater Deficient for Gata5 Function
Because cell-cell adhesion is necessary for establishing than 95% of the embryos injected with 20 ng of the gata5MO appear morphologically similar to gata5 muapico-basal polarity [23, 24, 25], it is possible that a critical mass of myocardial precursors is required for tants, in that they exhibit pericardial edema and two separate hearts, a phenotype referred to as cardia bifida establishing cell-cell adhesion that in turn would be required for establishing apico-basal polarity. To test this (n Ͼ 500, data not shown). Based on cmlc2 expression, the myocardial precursors are reduced in number and hypothesis, we examined epithelial formation in embryos lacking Gata5 function. Like Hand2, Gata5 plays fail to migrate to the midline in gata5MO-injected embryos ( Figure 3C ), phenotypes identical to those seen an essential role in cardiac development. Zebrafish Gata5 is encoded by the faust (fau) locus [2] . Similar in gata5 mutants ( Figure 3B ) [2] . Confocal microscopy shows that the myocardial precursors in gata5MO-to hand2 mutants, gata5 mutants exhibit a dramatic reduction in myocardial cell number and also show deinjected embryos are polarized: The few myocardial precursors that are present form epithelia with aPKCs fects in myocardial gene expression ( Figure 3B) lateral membranes ( Figure 3H ). To our surprise, gatanotypes may be a difference in the efficiency of our experimental approaches to eliminate each gene func-5MO-injected embryos with as few as two myocardial precursors per side of each confocal section appear to tion. Although the hand2 allele that we used is a null, it is possible that residual Gata5 function in the gata5MO-exhibit polarized localization of aPKCs, ␤-catenin, ZO-1, and actin ( Figures 3F and 3I) . Furthermore, in gata5MO-injected embryos is sufficient for the polarization of the myocardial precursors. It is important to note that the injected embryos, Fibronectin is deposited around the basal surface of the myocardial epithelia despite a subexisting gata5 mutations (tm236 and s26) do not represent null alleles; wild-type transcript can be detected stantial reduction in myocardial cell number (Figures 3K  and 3L ). These results demonstrate that in embryos with in both of these mutants [2] . However, few myocardial precursors form in these mutants, and this is also the reduced Gata5 function, the few myocardial precursors that form are able to establish epithelial identity.
case in the gata5MO-injected embryos. Therefore, and as observed in severely affected mutants, it is likely that It is possible that the reduction in myocardial precursors in gata5MO-injected embryos is less severe than a complete reduction of Gata5 function leads to the absence of myocardial precursors [2] , thereby precludthat seen in hand2 mutants and that this difference may account for the lack of polarity defects in gata5MO-ing the assessment of myocardial epithelia formation. The ability to downregulate Gata5 function temporally injected embryos. To compare the reduction of myocardial precursors in hand2 mutants and gata5MO-injected will be required to determine whether Gata5 also plays a role in myocardial epithelia polarity. embryos, we counted the number of myocardial precursors observed in confocal sections of cmlc2::GFP transgenic embryos. In wild-type embryos, each side of the Conclusions myocardial epithelia contains 12.5 Ϯ 1.5 myocardial preIn this paper, we investigated the relationship between cursors per confocal section (n ϭ 43). In hand2 mutants the molecular program driving the formation of the myoand gata5MO-injected embryos, there appears to be a cardial epithelium and that driving myocardial gene 3-fold reduction in the number of myocardial precursors. On the molecular level, the establishment of myocardial confocal section (n ϭ 64). Additionally, no significant epithelia identity appears to be distinctly regulated by difference in cell number was observed between the left Hand2, whereas myocardial cell number is regulated by and right side of either hand2 mutants or gata5MO-both Hand2 and Gata5. These results predict that Hand2 injected embryos. These data demonstrate that the reand Gata5 activate distinct as well as overlapping tranduction in myocardial cell number in gata5MO-injected scriptional targets involved in myocardial development. embryos appears to be equivalent to that seen in hand2
More importantly, these results indicate a new and mutants. Therefore, the polarization of the myocardial unique role for Hand2 in myocardial development. precursors in gata5MO-injected embryos cannot be ex-
Experimental Procedures
plained by an increase in myocardial cell number relative to that in hand2 mutants.
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